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hitroduction 



ailing water is the. source of one-<iuarter of the world's 
electricity today. >Whether harnessed by a slowly ^turn- 
ing wooden waterwheel oO a tiny stream in Nepal or by a 
hundred-tOn steel dynamo at Aswan on the mighty Mile,^ 
all hydropower comes from the ceaseless cycle of evapori^tion. 
rainfall', and runoff set in motion by the sun's heat and the 
earth's pull. By harnessing water in one step of this cycle* as it 
flows back to the sea. w*aterw heels and turbines convert this 
natural and endlessly renewable energy into a usable form. 

Yet hydropower is a neglected energy resource., too often forgotten 
in the scramble to cope with the energy crunch of the ^venties. 
Hydropjipwer is so much, a part of the landscape t^at its enormous 
untapped ^potential is in danger of being shortchanged by energy 
planners, whose decjsions today will shape the economic and , en- 
vironmental prospects of future generations. 

Despite the billions of dollats spent subsidising nuclear power ,^ hydro- 
power provides a great deal more electricity on a worldwide basis. And 
Sn the United States, the world s larg^t producer of nuclear-generated 
electricity, hydropower maintains a substantial lead over huclear 
energy Given the myri4d economic and environmental prt>bleins 
fWing nuclear power,, hydropower's lead seems certaip to widen in 
tn*^ears ahead. ^ 

Compared with other .source©^! electricity— oil. coal, and nuclear— 
hydropower has environmental advantages. While large dams c^in 
cause environmental damage if not carefully planned.; hydropov^er 
emits no health-threateningZpoUutants. Nor does it threift^ the eartli 
with catastrophic and irreversible change, as does nuclear waste and 
the carbon dioxide emitted from coal-and' oil- fired generating plants. 
The« environmental concerns are too often neglected both in 
choosing between hydro and thermal power ,planls and in implement- 
ing hydrtJpower projects. * i , , . 

In a world suffering from inflation and fossil-fuel depletion, hydro- 
power offers stable prices and permanence. If properly managed, 
hydroelectric complexes will b^ producing power loryg after the oil 
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wells run dry and the coal fields are exhausted. lEconomic develop- 
ment based on energy from running water offers something unique^ 
amori^ major resources in use , today: sustatnabilit^. The tran^ence 
of- oil wealth compared to watet wealth has not been lost on the oiU 
exporting nations with undeveloped water potential. Venezuela. Iran" 
and Mexico have all launched ambitious and costly^ plans to invest 
their nev/foi/nd— bi/t easily dissipated- oil wealth in hyaropower. Flush 
with rjeventies from, North Slope oil the slate of Alaska is seeking' 
ways to harness its 140,000 megawatts of hydro potentials 

The fact that water resources exist in abundance in many of the 
world's poorest regions and nations places hydropower hign on the 
' global aevelopmenl agenda. The oil-price explosion that made a 
traditional ^oit-tt^sed economy unattainable for many 'Ghrrd World 
countries under scores^ th^ importance of indigenous water resources. 
Unfortunately, the rise in oil prices that made hydro development 
more« attractive also .weakened the ability of many poorer nations to 
borrow money for large programs. Sma(l-9cale hydro projects, how- 
ever could profitably use indigenous labor and materials and help 
developing countries break the ^ cycle of impoverishment and de- 
peiidence. ^ ' , ^ 

Hydropower will occupy a pivotal role in the emerging eff^t to put 
the world economy on a sustainable basis. Alone among renewable 
energy sources, hydropower is a proven technology that can provide 
the large, concentratea,quantities of electricity needed to run factories 
and to light cities. If all the world'*s economically available hydro- 
power were harnessed, most of the world's electricity needs could be 
satisfied. On a planet threatened by nuclear power's faustlan bargain^ 
coal-induced climate changes, and shrinking oil reserves^ water s power 
should not be allowed to sup by. * . 



A Loi^ History, A Bright Future ^ 

The use of . hydropower throughout history has been shaped more 
by social and political conditions than by thej^vaitability of a par- 
ticular technology Although the Romans knew of waterwheels^ they 
did no,t make exten^ve use of them because slavery and, later, i^ide- 



all the world's econcmiically 
availajble hydropower were harnessed, 
most of the world's electricity needs 
could be satisfied/' 



spread underemployment removed any incentive to save human labor 
Wars arvl famm»4accompanying the fait of Rome^ combined with 
the Bkck Plagti^ killed a tnird of Europe's population in the 
fourteenth century,, made labor-savinc water mills more attractive: 
tens of thousands, were in use throughout the continent by the end 
^of th^eigViteenth/entury. 

The spread of this use of hydropower was accompanied by sociaf 
dislocation and conflict as small farmers resisted bringing their corn 
to village mills, preferring to rely on traditional hand grinders. In 
Ftance^, the goverrunent outlawed hand mills in an attempt to stimu- 
late^ the use of water mills and to fofce peasants to u^e supervised 
facilities, 'where tax collectors could accurately assess ^anH tax the 
'grain. Waterwheel technology spread to the New World and flourished 
in regions without slaves, such as the English colonies of North 
America, whlft labor was always in. short supply By the^nd of the 
eighteenth century., there were about 10.000 waterwheels in New Eng- 
land a lone. 

It was during the nineteenth century that hydropower became a source 
of electricity as well, as o^ mechanical power In 1820 the French 
.engirfter Benoit Fourneyron invented the tujbine. The turbine was to 
the i\(aterwheel what tne propelle; was to the side padjj^le'-a sub- 
mersible, cdmpactp and more efficient machine for energy exchange. 
Turbines were linked to genejators to produce electricity for. the first 
time in Wisconsin in 1882* and the development of alternating cur* 
rent by G^rge Westtnghouse at Niagara Falls in 1901 mape the 
transmission of power over distances economical The essential con* 
tours of the technology have been refined since then, but not sur* 
^ passed.^ 

' Hydropower technology typically is used at dams where falling water 
can.be regulated and storea, although the early mills rarely had dams 
big enough to. store much water. The* fir^ n^dro facilities,, known 
as run-of-the-river plants, tease to generate power during the dry 
reason when streams and rivers are low. UnftI thercpsts of inundated 
land began to^ emerge as ^ constraint, planntfs bmlt large dams if 
they wanted continuous poyer. Since tqe oil shock of 1973,^ there 
has been a renewal of'iriterlst m the iatermittent power from run- 
of-the-riyer dams, many of which were abandoned when petroleum 
was chea p, ' . . ^ 
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Rising energy prices have also sparked interest in ^ largely forgotten 
hydropower technology that does not depend on dams at all During 
the Middle Ages, before dam? were common^ water wheels affixed -to 
barges anchored in rivers were widely used. Such floating hydro 
plants do not need expensive and ecologically disruptive dams and 
can tap otherwise inaccessible water flows Several countries are noyv 
trying, tolnodernize this old te<:hnique and to assess its costs If this 
technology proves economical, the amount of practically avail- 
able hydropower m the world could increase dramatically 

Sinc^ the 'thirties, most of the new Energy from hydropower has^ 
been from major d^ms with reservoirs in the middle and lower sec- ^ 
tions of large riverSt first in the United States and the Soviet Union 
and then; since World War 11, in the developing world as well China 
has recently revived the use of small damS;, although it has lagged 
m buildir>g larger facilities. Since when water power was first 

vised to produce electricity, hydro's contribution to tne world's elec- 
^tricity supply has increased Steadily. In 19S0; hydropower produced 
2^ percent of the world's electricity, accounting for about 5 percent 
of total world consumption of energy. This power was generated at 
dams having a combined capacity to produce 363^000 megawatts.* 

Yet most of the world's hydropower potential is untapped. If -all 
the energy contained in the water flowing to the oceans were har- 
nessedr a staggeri^ig 73,000 trillion watt-nours couljj be produced, 
annually. % comparison^ total world hydro production is currently 
1/300 trillion wait-hours However,, only a small fraction of the 
theoretical potential can aCtifaHy be Japjped; given technical 'con- 
straints. The World Energy Confef^nce estimates that the world's 
technically usable potential is 19,000 trillion waYt-hourS; pro- 
duced at dams with a capacity of 2^214.700 megawatts Environmental 
and economic constraints that are difficult to quantify will pre- 
vent use of an indeterminate amount of this resource Yet even tak- 
ing all constraints into account, world .hydro production c-ould 
reach between four and six times its present levpl ' 

This potential is so g^^at that theoretically all the world's electricity 
needs could be met Of course, the absence jf significant hydropower 
resources in regions like the Sry Middle East will prevent complete 



— reliance on hydroelectricity. Nevertheless, a quadrupling of glol 
hydroelectric production—^ realistic goal— would yield roughly 
much electricity as the worlH currently consumes. If augmented w^ 
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other locally available renewable sources of ej^ctricity such as wind 
systems, photovoltaic cells., or geothermal platits and made* more 
productive through cost-effective efficiency improvementSn the world's 
nydropower resources are large enough to permit a Healthy growth 
rate in electricity use An expansion of hydropbwer s role along these ^ 
lines could largely' eliminate the need to build the coal and nuclear. ^ 
powier plants favored by energy planners \x\ the wake of the oil-price 
revolution of the seventies. 

Ahhough Jiydropower potential is widely distributed, the areas with 
the greatest resources are typically mountainous zon^s- Asia has 28 
percent of the world's potential/ South America. 20 percent. Africa 
and North Aiiperica {including Central America), lb percent each, 
the USSR. U percentn. Europe. 7 percent; and Oceania.^ 2 percent 
Some regions are much further along than others in using their 
water resources (See Table 1.) Europe, Japan, the United States.. / 
extern Soviet Union, and southern Canada have done the most to ^ ^ 
harness this power source Indeed, Europe, has exploited almost 
60 percent of its potential. With a fourth, of Asia's potential Eu- 
rope projkices nearly twice as much power. Africa has developed 
only abbu> 5 percent of its potential, half of which comes from just 
three dams^-^ariba in East Africa^ Aswan on the Nile, and Akosombo 
in Ghana • 

" ' ' 1 — ' 

Table 1; Hydropower Potential and Use, By Region, 1930 



Region 


Technically 
Explottable 
Potential 


Exploited 
Resources 


Share of 
^ Potential 
Exploited * 






(percent) 


Asia 


610,100 


53,079 


9 


South America 


431,900 


34,049^ ' 


8 ' 


^ Af nca 


358,300 


17.184 


5 


North America 


556.400 


' 128,872 


36 


USSR 


250,000 


30,250 ^ 


12 


Europe 


163,000 


96,007 


59 


Oceania 


45,000 


6. 5^95 


15 


World 


2,200,000 


363,000 


17 



Sourct: WorU Energy Ccnferer»ce., Survey of Bnef$y Resoufcts 
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Table 2: Selected Countries Obtaining Most of Their Electricity from 

Hydropower,498Cf 



Country 



Share of Electricity 
from ^ydropower 



Ghana 
•Norway I 
Zambia / 
Mozambique 
Zaire ^ 
Srt Lanka 

Brazil 
Portugal 
New Zealand 
Nepal 

Switzerland , 

Austria 

Canada 



^percent) 

99 
^^99 
99 
96 
95 
94 

/ 67 

75 
74 
74 
67 
67 



S«KCp: United Ndtton«, orU Entrgy Supplm 



In a few areas, hydropower generates a major share of ihe electricity 
supply Over 55 cduntries— covering a range of developing and in- 
dustrial nations— already receive mote than^^o-thirds of tneir elec- 
tricity from fallirig water (See Table 2.) In South America,. 73 per- 
cent of the electricity used comes from hydropower, and in the de- 
veloping world as a. whole the figure is 44 percent' 

Water is so abundant in some. cou ntries ind regions that it can meet 
most, jf not all of the area'sYehergy neeiis >vheh supplemented with 
other locally 'avatilable energ^ sources such as biomass, geothermal, 
and solar collectors. Already Norway receives 99 percent of its elec- 
tricity and 50 percent of all itsVnergy from water. The neighboring 
Scandinavian countries of Sweaen and Finland are also heavily de- 
pervJent on hydropower. Quebec has so much hydropower potential 
that its leaders are talking seri^ously about building a fully electrified 
economy b%e3 on water powei^ In the heavily oil-dependent Central 
Aiperican coujitnes, ricfh untamed hydro and geothermal resources 
offer*the pVospect/t)^ energy self-sufficiency. With only 6 percent of 
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Europe 

North 
America 

USSR 



Asia 

South 
America 

Africa 



Under 

Construction 




Source Wfrid Entr^ 
Conference 



Figure 1; Status of Hydropowcr Dev^lopmenty^By Region* i9aa 
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its hydro potential tapped, Costa Rica* for example/ already gets. J5 
percent of its total energy supply frorn hydroelectric plants,**'^- - 

^dfne nations have enough hydropower, to become exporters of elec- 
tricity. Having tapped the swift- flowing headwaters of Europe's rivers 
in the Alps, Switzerbnd exports electricity to neighboring France 
and ^taiy. Nepal and Peru are similarly blessed with abundant ^ydro- 
power resources, still brgely untappecJ, Nepdl could become the 
Switzerland of A^ia* exporting electricity to the Indian subcontinent* 
Where distance makes transmission of Electricity impractical, hydro- 
rich countries can export energy- ijiffnsive products like alumi- 
nom,", . ^ ^ 

The pace of current hfHro S^elopment efforts Varies greatly from 
continent to continent and nation to nation. (See Figure 1,) The 
regions with the most hydropover in use— North America, the USSR. 

' i ^ 




1 

and Europe—have substantial .construction under way or ^bnned. 
Among the regions with the greatest untapped potential— Asia i South 
America, and Africa— South America is pulling aKead rapidly. Brazil 
is setting the pace there, with a well-established pregram .that is 
currently increasing hydroelectric production at an average rate 
of 11 percent per year." 

Bec^se hydro plants, especially large ones, take years to plan and 
constructi short-term projections can be made with some confidence. 
At present some 123.000 megawatts 'of capacity are under construc- 
tion» and an additional 239i3p0 Megawatts are pbnned. The plants 
being built plus those being planned will approximately double world- 
wide hydroelectric output. Yet even after these are completed^ only a 
third of the feasible potential in the work^wiU have been tapped.'*. 

Looklng^ybnd plants In the construction or planning stage, the 
picture js less clear. The World Energy Conference optimisticMly 
projects that by the year 2020^ hydropower will supply some 7-920 
trillion watt-hours of power, almost six times the present level. 
Achieving this will take a concerted effort on the part of govern- 
ments and interna tiorul financing gr«iups.'* 

Urtlike some alterrutive energy resources, high prices alone will not 
be sufficient to develop hydropowfr. Since rivers are everywhere 
publicly- ovtnedi'and since water projects touch upon so many aspects 
of lifei governments rather than corporations or individuals have a 
unioue role as c;^t^lysts of hydropower development. In an era of 
public resistance to governmet>t initiative and declining suppott for 
development aidi the energy that could be obtained from falling 
water is- in danger of being neglected* Without committed arKi far- 
sighted political leadershiDi development of the world's hydropower 
potential will lag. forestaAing the advent of a sustainablei nonpoUut- 
ing. inflation- proof energy economy.'* 



Big Opporlxinities^and Big Problems 

/Since before the beginnings of recorded history people have be^n 
altering the surface of the earth in major ways. The twentieth cen- 
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"Since rivers are everywhere publicly 
owned, governments rather than 
corporations or individuals 
have a uni<]ue rote a$ catalysts 
of hydropower development." 



tury has seen an unprecedented increase in the speed and scale of 
these transformations of the environment. Few technological changes 
so dramatically and visibly alter the landscape as large dam^and 
artificial lakes 

Large dams., constructed mainly since 1930. are among humanity's 
greatest* civil engineering accomplishments, dwarfing even the 
grandest monuments of antiquity The world's largest impoundment, 
Egypt's Aswan High Dam,, weighs 17 times as much as the Great 
Pyramid of Cheops The world's' most powerful dam, the Itiatu 
between Brazil and Paraguay oh the Parana, will soon generate 12,6p0 
nt^egawatts— as much power as 13 large nuclear power plants— making 
it the biggest power complex on earth. The lakes created by such 
dams are among the targgst freshwater bodies on the planet. Ghana's 
Lake Volta cows 8,300 square kilometers— an ar^a almost the size of 
Lebanon and iVg^r than the state of Delaware The total surface 
ai:ea of the 31 artificial lakes that each exceed MOOjsquare kilome- 
ters equals 115.300 square kilometers,^ an area thrije times the size of 
Switzerland . \ . 

Today's gargantuan dams and lakes pale,^ however beside .tfiose on 
the drawing board. At the Three Gorges site on the Yangtze River,^ 
China has t^fgun preliminary work on what will probably be the 
world's biggest dam, capable of generating 25,000 megawatts ^f 
power. Brazil's tentative plans to harness the ^6,000- megawatt poten- 
tial of the Am^izon River and its tributaries will collectively flood an 
area the size of Montana American^ Canadian, and ^oviet partners 
' have even more grandiose visions of damming the waters of giarvt 
rivers, ficvving into the Arctic— the Yukon, the MacKenzie, the Ob>, 
the Lena. And Egypt has begun *vork on a project to harness the 
energy of water pouring from the Medifertanean Sea. through an 
artificial cana} into the Qattara Depression^ an 18,000 square kilo- 
meter region of the Sahara that is below sea level 

The modern era of iarge-dam construction can-be traced to the es- 
tablishment of the Tennessee Valley Authority <TVA) in 1933. Prior 
to the creation of this government body, conflict between private 
power companies who^wanted to dam major ri^^ers for power genera- 
tion and individuals fighting for pijj?lic ownership of dams delayed 
the harnessing of major rivers in the United States. The advocates 
of public power development argued that private companies would 
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neglect (he m^ny nonmarketable benefits of nver development and 
that a rifer s energy belonged to all the people of the regiop.^* 

^Franklin Roosevelt's creation of the Tennessee Valley Authority 
^established public responsibility ior hydro development and launched 
14 ^ basirvwide development program centered around, but not limited 
to, the production of energy. TVA was given broad powers to build 
dams, borrow money, and condemn private property, and an equally 
broad mandate to promote rural electrification, control soil erosion, 
imprgve navigation, and harness power. A unique blend of centralized 
planning ana grass-roots participation, TVA organized construction 
throughout an area $f one million square miles, agricultural extension, 
" rural electrification, and soil conservation' programs spread the de- 
velopment benefits to thousands of smalt farmers ana toivnspeaplg 
whosje efforts to control erosion and plant trees were essential' tci the 
agency^s success. TVA's comprehensive approach to the development 
of river basins has become the model everywhere. 

Since World War II, efforts to construct targe dbms have shifted 
increasingly to the Third World and to remote regions where most 
of tbe untapped major dam sites are located. The success of basin- 
wide schemes like tne TVA and of the Soviet development of the 
Volga and Dneiper rivers has drawn many Third World leaders to 
ihis. energy source And because Urge dams are highly visible symbols 
of progress that facilitate the growth of heavy irKfustry, their prestige 
. value in developing countries is great. The generous financing terms 
and management assistance offered by the industrial world makes 
the construction of large dams even more attractive to nations facing 
chronic capital and technol<^y shortages. 

Successful hydroelectric development projects have already made sub- 
' ' stanttal contributions to tl» economic well-being of some developing 
nations. With power from Aswan, Egypt has Been able to electrify 
.99 percent of its villages and create many nev>^jobs in labor-intensive 
locd industries. Companies attracted by the power of the SSo Fran- 
cisco River in northeast Brazil have brought almost ^ million new jobs 
to this poor region. Wjth an energy consumption that doubles every 
decade, the Brazilian Governinent hope^ to more than doubk its 
hydroelectric production during the eighties/ Venezuela, expects to 
spend tens of DiUions of dolbrs over several decades to harness 40.000 
megawatts of power from the'Caroru River at Guri. And the Philip- 



''^il erosion has already ruined 
several large; dams in poor nations 
that can HI afford the loss 
^ of either soil power, 
or water-storage capacity/' 




pines, heavily dependent on imported oil erfvislorts a 45 -percent 
irKrease in hydroelectnc^ production in its current five-year energy 
program." 

For most peoal/ affected by large dams, the number of kilowatts ^ - 
produced is not the most important consideration The impacts on x5 
agriculture., fisheries, healthJ^ employment, and income distribution 
must all be weighed to determine whether a project is beneficial 
Unfortunately., the construction of a large dam in a developir^ coun- 
try does not necessarily improve the standard of living for tne vast 
majority of people living in rural areas. Energy- intensive industries 
located near large dams seldom provide many jobs for the largely 
unskilled local population. A case in point is the Asahan aluminum 
arKl hydroelectric project in Sumatra, which at the cost of $2 billion 
will employ only 2,100 of the island's estimated million people. 
Often the power not useiTby nearby industry will he transmitted to 
major cities hundreds of miles away, leaving dozens of villages unlit 
along the way.« 

The ecological changes wrought bv large dams bring both oppor- 
tunities ard dangers. Large dams change a self -regulating ecosystem 
into one that must be managed. If the construction of a large-scale 
dam is the only planr^ intervention into a river's ecosysteiji^ dis- 
aster—human and natural— is sure to result. Ways of life appropriate 
to a river ecosystem can mean human artd ecological damage if ,. 
lowed near a lake^ so any plans for a dam must ir^lude changes in 
lor^-established patterns of living in the area. The &Ane water that 
malces irrigated agriculture possible can also spread waterborne dis- 
ease. Soil erosion and pollution must be controlled if a dam's water- 
storage and power capacities are to be preserved.*^ 

Although an infusion of funds has helped Third World nations build 
large hydropower facilities, efforts to control erosion, introduce sound 
irrigation methods, enhance fisheries, control waterborne diseases, and 
relocate displaced populations have been less successful. Rapid silting 
of reservoirs caused oy uncontrolled soil erosion from the surround- 
ing lands is a major threat to dams worklwidet When a reservoir ^ 
fills with sediment washed from the land, a dam's ability to store 
water ar^d to gener^'te energv are drastically curtailed. Soil ero- 
sionthas already ruined se^rai large dams in f)oor .nations that can 
ill afford'the loss of either soil, power, or water-storage capacity. 
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The Sanman Gorge Dam in the'Shanxi Province of China^ for exam- 
ple, has lost three-quarters of its 1,000 megawatt power capacity due 
to the buildup of sediment in the Yeltow River. Widespread defor- 
estation and soil erosion in Ethiopia are reducing the reservoir life of 
the Aswan High Dam much faster than its planners anticipated. There 
is little Egypt can do to reverse the destructt^ of this major economic 
resource by Ethiopian peasants a thousar^l miles upstream. Slmitarly, 
uncontrolled tree cutting avd farmir^ on steep lands Jn Nepal are a 
serious nthrtat to ,the few* dams already built on th« rivers that run 
out of the Himalayas. Until the topsoil of Nepal and northern India 
can be stabilized through reforestation and improved farming prac- 
tices. Ir^lia's ambitious hydroelectric and ' irrigation plans will have 
to be postporwd." 

The value of water that can be stored for irrigation would be enough 
reason to build mariy dams even if power were never produced. By 
storing water from the. rainy season fgr usean ihfi dry months and 
from wet years for use in dry or^s^ dams redtice^ the effects of 
droughts, permit additiorul crops on presently farmed lands, ar^l 
extend agriculture to dry uncultivated areas. Often the electricity 
produced from the dam pOwers pumps that extind irrigation over 
large areas. The value of this new farmlard must be measurM, of 
course, against the value of the ri>^r bottomlands flooded by the 
dam^ which often are prime agricultural soil 

'Irrigation itself can (rften lead to a permanent loss of cropland if 
not carefully managed. Irrigated soils can become waterlpgged and 
loaded with crop-destroying salts if adequate, expensive drainage sys- 
tems are Jiot provided. Egypt, often cited as a prime example of an 
area where a dam had a douDle'edged impact on agriculture, has been . 
forced to spend billions on pipes to drain n^wly irrigated land threat- 
ened by waterlogging and salinizatioa l^i countries where spring 
floods— now controlled by a dam— previously deposited rich silt on 
the land, artificial fertilizers must t)e applied to preserve the soil's 
fertility. Fertilizer production can consume a major share ^f the 
dam's power output.** 

Another .attraction of dams is the expansion of food supply they 
permit by enhancing fisheries. Urifortunately, the impact of large 
dams on fisheries varies widely and in urwxpected ways from project 
to project. Predicting that impact is especially difficult in tropical 



regions of Africa. Asia,, and Latin America where the life cycles of 
marfy important fish species ate poorly understood Where fish species 
migrate long distances to breed, dams can decimate fish stocks-and 
the diets of those deperuient on fish protein. The rich Columbia 
River satmoA fisheries in North America declined sharply after dams 
were built on the river-despite well-funded programs to build fish 
lad ders an d to restock the river 

The construction of a large dam often increases the total amount of 
fi^h that can be caught in an area, leading to considerable charges 
in the locati6n arul structure of the fishing irulustry. The destruction 
of the Eastern Mediterranean sardine fisnery by the Aswan High 
Dam^largely ur^nticipated by dam designers^has been more than 
counterJ>alarKed by the emergence of a fishir^ industry on newly 
created Lake Nasser ir^ Upper Egypt and Sudaa Unfortunately, the 
replacement of 16,000 tons of sardines harvested yearly with 20.000 
tons of Lake Nasser fish is 6f little solace to the sardine harvesters 
who lost their livelihoods. Egyptian officials optimistically predict 
that Lake Nasser will eventually^ yield 60.000 tons of fish per year, 
but if experience with other African dams is any guide, production 
may fall as the lake grows older and the ecology becomes more 
settled.^ * 

The health impacts of laYge hydropower projects are less ambiguous. 
In tropical regions, dams threaten hurKlreds of millions of people by 
spreaairxg waterborne diseases. Reservoir lakes and irrigation canals 
provide ideal breeding grounds for sr^its that transmit schistosomiasis 
-also called bilharzia-i debilitating, sometimes fatal disease that cur- 
rently afflicts some 200 million people in tropical countries, ^Better 
sanitation facilities and improved hygiene could largely wipe out 
schistosomiasis, sindt the cycle of ipfection would be broken if raw 
human wastes were kept out of contact with surface waters. Despite 
efforts of planners ^and governments, however, people near neylly 
created lakes have not yet adopted the sanitary habits th&t could hal^ 
the spread of disease.^^ 

The Gezira area of Sudan illustrates well the mix of problems and 
opportunities presented by large multipurpose dams. Water stored at 
Sennar Dam on the Blue Nile irriga^gs over 600.000 hectares of larKl. 
fprming an islaiKl of relative prosperijfy where teruints' average income 
is six tipes that in the rest of tne country. The Urge^ farm under 
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single maRagement in the worlds Gezira supports over two million 
people arid'grows enough cotton to generate 60 percent- of Sudan s 
foreign exchange. However^ this abundance has exacted a high price 
in people's health. Some 50 to 70 percent of the Gezirans are infected 
witn schistosomiasis, malaria is endemic, and diarrheal diseases 
X8 threaten childrea The overall ill health in the area is so great that 
it IS a major barrier to reaching full agricultural productivity,^ 

An often neglected cost of large dams is the effect of relocation on 
people whose homes are flooded by the project. Substantial numbers 
of people have been made refugees by large dams: S0.O00 were dis- 
placed by the Aswan High Dam in Egypt; 75,000 by Lake Volta in 
Ghana; 57.000 by Lake Kariba in East Afrjca; and 50.000 by Lake 
Kainji in northern Nigeria, China's planned Three Gorges Dam will 
mean some two million people have to leave their homes. Plans to 
resettle and reemploy displaced people do not figure prominently in 
many dam projects, and when they do appear they often fail for lack 
of Tunding. Even where resettlement ^programs are adequately funded/ 
people forced from' their homes are -typically passive.. dispirited, and 
lacking in initiative. No amount of^government aid can compensate 



for the loss of land handed dovyn tlu^i>gh generations.^ 

The development of hydroelectric potential in remote regions^ whether 
in developing or industrial countries, holds problems for native tribes 
and wilcjufelong preserved by isotati^. The already beleaguered and 
shrinking Indian tribes of Amazotua. for example, are threatened by 
Brazil's ambitious \dam^ development program. Although building 
dams in remote area^ seldom requires the relocation of as many peo- 

[>le as it would in mofC'-populated areas, the native people in such 
ocations are leastyfCle to cope with resettlement ana the intrusion 
of modern cLvilizafion in their lives. In some cases, they nave chosen 
to resist government resettlement programs, and armed clashes and 
aiigry protests h^^x? occurred. Tribes in central Luzon, resisting the 
Philippine Government's plan to build on the swift-flowing Chico 
River Southeast Asia's largest hydro project, have fought repeatedly 
with federal troops and held protests attracting the attention of in- 
ternational human rights groups.^ ^ 

Opposition by thr^atenedjndigenous people can seldom stop a dairi. 
but substantial c^ficessLons can often be won. Native people in the 
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area inundated by Quebec s giant James Bay project delayed construe* 
tion through the courts and forced the government to grant them 
$250 million, title to 12,950 square kilometers of land. anS preferen- 
tial eftiployment rights on the project Isolated tribes tn poorer,^ less 
developed countries are .unlikely to fare so welL although suppqrt 
groups like Survival International b^ve recently emerged to lobby for 
the rights of these ^threatened groups 

Dam's built in remote areas can also endanger little-known and rare 
plant and aPimal Species [n QuebeCn careful environmental monitor- 
ing revealed no wildlife threatened by the new dams and impound- 
ments. Yet m tropical regions, where ecosystems support an abun-. 
dance of species still unknown to humanity, dam construction can 
result in the permanent loss of plants or animals with' potentially 
high economic value. If governments sponsoring dam projects include 
careful ecological surveys and rescue efforts in the project planning^ 
the payoff can be high. Before a remote agricultural valley in 
northern Mexico was flooded by a dam, ecologjsts located and saved 
several previously unknown varieties*of corn with unique disease- 
resistant abilities that proved to be highly valuable, . 

The threat to endangered species from dam construction is not limited 
to developing countries Nations that can afford alternatives are some 
of the worst offenders. Despite the marginal economic value of the 
Tellico Dam on the Little Tennessee River, for instance, the U.S. 
Congress rewrote the Endangered Species Act— a model of a progres- 
sive ^ecies- protection law^to permit the flooding of ofie of the last 
known habitats of the once-plentiful snail darter. .SfU^th Africa is 
pUoning to build a dam 3^ stories high in one Cff the most important 
flotal wilderness are^s of the continent. And over the heated protests 
of environmentalists: Australia has built a hydroelectric complex in 
Lake Redder National Park, flooding the habitats of dozens of 
species found only in the islafKl state of Tasmania." 

Perceiving a dam simply as a civil engineering and industrial de- 
velopment project IS a sure recipe for disaster and misery for many 
whose lives are touched by the structure. There are a few hopeful 
signs that development planners are learnir^g from past mistakes. 
Many of the hazards of dam construction in the tropics are better 
understood now than they were 3fi years ago, when the first modern 
dams were built "there. The plans*or the hydroelectric and irrigation 
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project bein^ built On the Senegil River Mauritania.^Mali. and 
Senegal have included a great deal of e<;ological monitorLng and popu- 
lation adjustment programs, Brazil^ on the^ther hand, has failed to 
look at the broad impa<ft of its dam projectsrand will probably pay 
the price il* the years ahead.^* ' * ' ^ 

Although a comprehensive plan that is sensitive to lo^al ecology is 
vita) to tt>e success of a hydroelectric project, local participation in its 
planning is the other key ingredient Uivortunately; the grasS-roots 
participation of farmers. Owners of srfiall bQsinesses. andTocal ,offi-i 
cials tnat made the Ttnnessee Vatley Authority a sucvss* h^s too^ 
often been absent in developing countries. Erosion alo&g the sboresj 
of Lake Kariba between Zimbabwe and Zambia, for example., has; 
.reached dangerous levels despite efforts on the'partTof both gov€rn-, 
ments to .prevent overgrazing and to preserve a band of trees along 
the water's edge. Although lofcal farmers and herders know thei? 
practices threaten the lake^ fhey dpn t adopt the f^cpmmen4ed pracf 
tices because they can): affprdfto forgo short-term prbductic^f 
gains." ' ^ % 

While ecological change accompanies any dam project; especially 4i 
the tropics, environmental dejgraditk>n is more a j^r^i^uct of peopte^s 
inability to change behavior than an Inevitable result of ^e structures 
themselves Farmers in the Tehnessee Valley were willing io contriol 
erosion and to plant trees^ecause they received '<^atT loans aitd 
cheap electricity. Poorlfarme^s on the Zambezi, on the other harid^ 
are being askea tq change their ecologically destructive behavior and 
offered nothing in^ Yeturn. Often the failure of planners to spread 
widely a project's benefits accelerates the impoverishment of marginal 
groups unable to afford soundr^fap^ing* grazing, irriga^n, aod sank 
tation practices. Programs that di not rely <>n lo^al[, initiative, local 
resources., and local control will alienate tht impoverished rather than' 
encourage them to parti^ate. Since large HyprOpower projects cannot 
be initiated at the village leveL they tend to stifle rather than f^fer 
tlje com mu pity abased mobilization 0^ resources that alpne can break^ 
the pattern of poverty and dependen<;y * ^ 

Developing nations cannot afford to miss the opportunities offered 
by large cfams despite the human and ecofogical disruption their 
troduction can bring. The impact*of the^e projects must be balanced 
by locally ^controlled d^vjelopment efforts scaled to. the needs and; 



''While ecological cmi^e accompanies 
any dam project, environmental degradation 
is more a product of people'^ inability 
to change behavior tnan an inevitable 
result of the structures them^lves^" * 



skills of the people fortunateiy. large dams*are*not the only avenue 
ot water power development open to, developing options. ^ As part of 
village-level water c^ianagement programs, small-scale' hydro plants 
,can avoid many , of the social and environmental problems associated 
with large dams. 



Small-Scale Hydro in Developing Countries 

Bringing electricity to rural areas has occupied an almost mythical 
status in development theorit^ Lenin called Bolshevism ' rural elec- 
trification plus Soviets ' arti Bangladesh's constitution guarantees 
electric power for each villagi As a result.^ rural electrification projects 
have absorbed 50 percent all energy development funds since 
1950. Yet today, only 12 percent of th^ people in the Third World 
live in areas with electricity. With cost? of grtd-based sy^teips rising 
rapidly., this situation is unlikely to citailge in the foreseeable future. 
The^ Overseas Development Council estim^es that by the year 2000 
\ only 25, percent of the people in developing nations will live in vil- 
lages connected by electric lines and power stations. As the costs of 
energy generated by nuclear, oil and coal plants skyrockets l^e dream 
of village electrification by the transmission t)£ power, to rural areas is 
fading /rapidlw In a number of Third World countries, it ha9 been 
replac^py tne reality of small-scale hydro projects that .are bringing 
electri(tity to the countryside as well as improving the quality of 
rural Iffe** 

Amor^g, ^developing nations^ China's approach to watei^ development 
is unjque. While most.develoQitig-CQuntries concentrated on buildirig 
large. aa;ns to run heavy indlstry and to meet burgeoning, urbanj 
electricity demand, the Chinese esiablished ofher priorities. Rather 
than borrowing heavily from the industrial world and ifnporting tech- 
nology to build large dams, the Chinese have relied on indigenous 
labor, capital, and technology to build tens of thousaivls small 
hydro facilities. So although major cities regularly experience brow^^^ 
outs aijd electricity fot^eavy industry is in short supply, the Chiriese 
^have a smalhscale hydro program that is" a shining example of how 
broad-based rural* development centered around small darns can ad- 
dress many Third World prpblem^.^^ * 
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Although China historically had been a leader in hydro development, 
the centuries of war, revolution, and economic decay that preceded 
the communist revolution decimated but 50 of the nations hydro 
facilities. After 1949., the government followed the Soviet model of 
rural electrification, which emphasized large power plants, and the 
nun\ber of sn\all hydro facilUies in use actually declined in the late 
fifties- The Cultural Revolution in the mid-sixties galvanized the 
energies of hundreds of millions of Chinese in rural villages, and 
started a boom in small-dam construction that the current leaders 
continue topromote-^ ^ ^ 

Since 1963. ^n estimated 90.000 small-scale hydro ututs have been 
built, fnainly in the rainy southern half of the country, and they 
now supply 6,330 megawatts of power. Although the average size of 
units is a meager 72 kilowatts, small plants account for 40 per- 
cent of China's installed hydro capacity. In more than one-quarter 
of the nation's counties^ these small dams are the main source of 
electricity, providing power to a large segment of the population who 
would otherwise be without it. China's enthusiasm for this source 
of energy is still picking up momentum. Its leaders expect to add 
I.OOO additiojial megawatts of hydro capacity in 1931. an annual 1.500 
megawatts tnrough 1990, and 2.000 megawatts per year during the 
following decade. By the turn of the century, the goverrynent hopes 
small hydro facilities will be providing six times as, much energy as 
in*I979.^' 

The Chinese consider small hydro plants to be just one part of in- 
tegrated water management schemes an^ rural development efforts. 
Driven b y th^ need to feed and employ a billion people, the gov- 
errxnnent has given highest priority to agricultural water storage/ ir- 
rigation, flood control and fishery needs. The villagers -have built 
impoundments and irrigation ditches wittv simple hand tools ar>d 
without expensive, heavy/ earth-maving equipment. Many of the 
components of hydro plants— turbines, pipes, and gfites— have been 
iC6rishucted at small snops by local artisans using local materials. 
(With Voney earned and saved from agriculture and fis"h sales, com- 
munes have been able to upgrade the sites without funding from the 
central goverrxn>ent. Technical advice from agricultural extension 
workers nas improved dam and plant design ana helped lower costs. 
The Chinese have developed a simple, sturdy: staridardized model that 
seHs^or less than comparable Western imports. ' ' * 
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Small plants account 
for 40 p«rcc*tt of China's 
installed hydro capacity./' 



Unlike dams hat run capital-intensive expgrt industries in SMtiany 
developing countnes.^ small dams vn China support workshop! that 
turn locally availabl^e raw^atenals into goods that are used m nearby 
areas. Hyaropowered factories scattered throughout tke countryside ^ 
hust rice, mill grains, make soap, and produce leather and simple 
metal goods Any small amount of powe/ left over is available for 23 
lighting, movies, arKi telecommunications. This creation of |obs in 
the villages has , helped stem the exodus to already overcrowded 
f cities ArKl small hydro plants dramMically improve the quality of 
rural life by reducing ihe backbreakinjg drudgery of lifting water, 
sawing wood., and grinding grain by hancT^^ 

Village-based self-help programs have enabled the Chinese to avoid 
the ecological and health problems connected with hydropower use 
in other oeveloping countries Village reforestation and erosion control 
efforts have slowed the silting of reservoirs with valuable topsoil ' 
and local Snail eradication efforts have helped t^ontrol schistosomiasi5;-^ 
The Chinese have taken advantage of newly created reservoirs and 
irrigation channels to exp^ind the freshwater aquaculture that sup- 
plies four million metric tons of fish a year— about half the world's 
total of cultivated fish. The Chinese motto "wherever there is water 
there should be Tish" has been widely applied, with more tlian ten 
million hectare^ of the country covered by soroe kind of fjsh farm.^ 

The leaders in Bei|tng emphasize that their small-scale hydro develop- 
ment efforts complenu^nt rather than replace their ambitious plans to 
build large 'dams By ''walking on both legs''— building small as well 
as large dams—they hope to exploit fully iheir tremendous water- 
power potential without a high social ana ecological cost. Th^ early 
emphasis on small-scale projects—forced by necessity as much as by ^ 
design— puts the nation in an excellent position to proceed with a 
number Qf large hydroelectric projects in the years ahead. With viU 
« lage-Ievel programs already in place to cope with any ecological 
changes, China is poised to take the world lead in hydropower.^^ 

The opportunity to meet the pressing social needs of the rural poor 
through the development of small dams is not limited to China. , 
Although few detailed resource assessments have been made.^ the> 
potential thrpughout the developing world appears great. Usiaig ex^ 
tremely conservative criteria of economic feasibility, the World Bank 
estimates that 5 to 10 percent of hydro resources in the Third World ^ 
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are at small sites Considering the number of si^es that would be 
economical if local labor and materials were used^ the potential is even 
greater. Such small hydro facilities are a^bargain as well with costs 
running^around $500 per kilowatt of capacity, compared with over 
$1,000 per kilowatt for conventional po^er Building small hyd'rof 
plants can advance overall development by converting poot^r coun- 
tries" most abi^ndant and least used resource— labor— into\critically 
needed capital*^ 

The few projects completed outside China confirm the role of small 
hydro plants in balanced ^eyelopment. In the remote mountainous 
Huon Peninsula in Papira New Guinea. E^r example, the Baindoang 
village schoolmaster heard about hydro power on a radio show, ar\a 
asked the' university for lielp in building a small dam. The university 
and a private ^rgup^ the Appropriate Technology Development Unit 
providW the expertise and tne villagers contributed their labor. After 
two years, a tiny seven-kilowatt turbine was installed. Two days of 
celebration and dancing welcomed power tQ the village, where it fights 
the school and stpre and heats water for communal showers. By 
mobilizing enthusiastic local^uppoft the project strengthened the de^ 
velopm^nt of village- level institutions and gave the peoj^fe of Bain- 
doang a greater sense of control over their own lives. Amon^ de- 
veloping nation^, Nepal currently. is most active in developing small 
hydro sites, having recently opened about 60 water-powered mills. 

Unfortunately,, small-scale hydroelectric development projects have 
Seen lar^ly neglected by the international development banks an^aid 
* programs. Since the various benefits associatea with srt^all dams— 
such as fisheries enhancement and the use of local labor, iriaterials. 
and initiative^^are Seldom quantifiable^ such projects often appear 
"uneconomical" in {lomparison with the large projects whose social 
costs are hidden Yet ihe infusion of outside funds to snxall-scaK 
hydro projects that rely uf>on local labor and materials could trans- 
form a Questionable project into an economical one Unjfortunately^ 
the World Bank, which Between 1^76 and 1980 loaned $1.66 billion 
for targe-scale hydroelectric projects, has spent almost nothing to date 
on the development of small sites.'** ^ 

By funding badly needed surveys of small-hydropower potenltiaL 
development groups could d^W attention to a major untapped re- 
source and alert local groups to neglected sites. Once specific projects 
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.gel under way. governments and international agencies can assist by 
providing e^jcperis knowledgeable about hydrology, geology,, and engi- 
neering to ensure that datns are built safely ana take fu'I attvantage 
of Jthe water flows.^'^ ^ 

• ^ 
There are a few signs of international interest in harr^essing this 25 
neglected energy source. The U.S. Agency for International Develop- 
ment has loaned Ptfru's nationa^'potver company $9 million for 28 
small-scale hydro installations ranging in size from 100 to 1,000 
' kilowatts. France is helping several African nations build small dams 
and Swiss groups at^ helping Nepal set up fJkftories to build small 
^ intxpensive turbines. While these programs are a step in the right 
^ direction, they must- be expanded considerably if they are to have 
much impact on the development of sm>lJ-scale hydr& in the Third 
World,** ' : \. 

Developing nations need to reassess ari^l chang^Mhe priority they 
give Jarge-scale hydrD development efforts. Using^feclricity from a 
central 8n*i system to heat, cook, and lift water has been likened to 
"cutting butter with a chain saw'* by energy analyst Amory Lovins. 
Transmission arvd distributAn systems are expensive and lose be- 
tween 10 and 25 percent of the transported power. To justify the 
costs of buildir^ distribution systems in rural areas, governments 
are forced to sell large amounts of electricity that are poorly matched 
to need and ability to pay.^' 

Although small- ^and large-^ale hydro protects are complementary^ 
not competing, efforts, integrated village-level water cfevelooment 
shouU. precede the construction ?Jf lar^e dams as a general rule. ^ 
' The urJesirable side effects of large projects— erosion, the spread of 
waterborne diseases, satinization of irrigated land-will" be easier to 
manage tf people have already helped design small dams in their 
villages. And the introduction of more small-scale hydro projects will 
allow the Third World to exploit its*abundant water power resources 
in" a way that contributes to balanced overall development and to 
meeting the neglected needs of the ruraLpoor. 



PowerShiJls to the Periphery 

Most of the world's untapped hydroelectric potential lies in remote 
regions far from present centers of industry a'hd often far from in- 




habited areas. Rivers with major power potential flow through largely 
uninhabited parts of northern Canada^ Alaska/ ar^ Siberia. In the 
developing world, the Amazon, the Congo. ;<he Orinoco, and the 
rivers of Southeast Asia fed by the sru)ws of the Himalayas offer 
sites for large-scale hydroelectric development. Remote areas of Papua 
New Guinea. South Africa. Borneo. Tasmania, Norway, At Phuip- 
pines, Argentina, Guyaru. and New Zealand also hold promise as 
dam sites.** 

Thrj^ughout history., the availability of hydropower resources has been 
a key to the locatiop of ir^ustry ar^ cities ar^ the relative power oif 
nations. When waterwheels were, the dominant hydropower tech- 
nology, factories were small and dispersed throughout the countrv- 
side. Water's irtfluence on urj^an location can be seen best in tne 
east^n% United Statesf dozens of cities^ from Springfield. Massachu- 
setts, to Augusta, Georgia, cluster on the fall line wher? rivers drop 
from the Appalachian plateau to the coastal plaia Historians rank 
northern jpTrope's abundant bydropower resources as an important 
reason fo* the eclipse *of the drier Mediterranean countries overi the 
last few centuries. ' J[ 

Today, the principal impetus for hydroelectric development in re< 
mote, sparsely inhabited regions comes from the power needs of 
mineral extraction and smelting. Hydroelectric projects in the Amazon 
Valley, New Guinea, 'Quebec, and Siberia are linked with mining 
ventures. Where prime ^hydro sites are not close to rich mineral 
deposits, the main economic force behird large-dam construction 
is the aluminum smelting industry. For the foreseeable future, there- 
forei the pace of dam construction in remote regions will be set 
primarily by epergy- in tensive metal industries.*^ 

Quebec provides the most dramatic contemporary example of a re- 
gion's rise to prorninence due to its water resources. Launched teru 
years agOi La Granule Complex in northern Quebec will soon produce 
11.400 megawatts, enough power to double the province's installed 
electrical capacity^ Further additions on other rivers could bring the 
total to 27,500 megawatts. Using cheap power shipped south on giant 
7^5-kilovolt transmission lines, Quebec iiopes to revitalize its economy 
by attracting new ir^ustries^ Electrification* of oil-using sectors of the 
economy and exports of power to the United States will reduce the 
area's burden of costly imported oil ar^ provide a permarwnt source 
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"Often 10 to 15 years can elapse between 
the beginnii^ of a project and the first 
surge of power, so planners must consider 
large hydro facilities m remote areas 
as investments in the future," 



of foreign exchange. In a pattern of dependence certain to grow,. 
New York City by 1984 will receive 12 percent of its power from 
Quebec, This -ambitious hydro program will give the F-rench- speaking 
province new prominence within Canada ana new lever^e in its bat- 
tle for greater autonomy and cultural independence.*^ 

The explosive rise to influence and wealth of the petroleum-producing 
nations dominated world politics in the seventies. Within countrieSi 
shifts of pciver have been just as dramatic-the United States.^anada, 
and Australia have all seen people and* power move to their fossil- 
fuel producing regions. Yet these changes have drawn attention awav 
from a slower— bi/ more permanent— reatignmei\t of power and wealth 
to regions rich in water power. The devdopment of hydroelectric re- 
sources in peripheral legions will extend this shifjfin the balance of 
political power withip ^nd between rations. Just asT^actories and towns 
clustered around the mill sites of 100 Tears agOi so, too, new indus- 
tries wilt locate near r^w dams in sparsely populated regions. 

These opportunities at the periphery of civilization will not be tapped 
without a major long-term commitment of resources by central gov- 
ernments and international lending institutions. Often 10 to 15 years 
can elapse between the beginnir\^of a project and the first surge of 
poweri so pbnners must consider Urge Hydro facilities in remote 
areas as investments in the future. And large dams are extremely 
expensive. Aswani for exampki cost $1.5 bini(^ when it was^ built 
fn the sixties, ttiapu will cost between $5 billion and $6 billion, 
and China's Three Oorges project could run to an estimated ill bil-. 
lion. The World Bank estimates that $100 billion will be spent in de- 
veloping countries betweeir 1980 and 2000 on large hydro plants that 
generate over 100 megawatts each. Since the largdy uninhabited 
regions lack the considerable sums of capital needed to launch 
such projects, outside support is crucial. Despite the heavy demand 
these expenditures • make on aittcally short development capital, 
an early return can be expected^ as in the case of the Aswan, which 
paid for it^lf in three years through power sales.** 

Urge hydroielectric facilities in developing countries are usually fi- 
naiKcd with loans from major comjnercial banks and international 
lending agencies like the Work! Bank. Capital for such projects is' 
readily avail^le because s^les of power—mainly to energy-Intensive 
factories owned by multinational corpcfrations— ger^rate a steady^ 



predictable flow of revenue. Banks and development agencies in the 
industrial world have favored Urge hydroelectric projects because 
much oi the loaned money is used in turn to purchase generator^/ 
turbines^ transmission facilities^ and engineering services from major 
corporations in the developed world. As the income from power 
sales, which are usually set at bargain ra^eSx is needed to pay back 
foreign loans, the Third World country derives little immediate eco- 
nomic return from its yew dam. 

The importation of foreign skilled labor, engineering services/ and 
construction and [^'ower- genera ting equipment can .further frtptjn a 
developing nations balance of payments during the building phase/ 
which may last for years. China/ in particular, will have serious fi- 
nancial problems if it uses foreign capital and technology^to put a 
large-scale hydro program in high gear Once completed/ however, a 
well-conceived ana welU implemented dam project slowly begins to Im- 
prove a nation's foreign trade ppsltton. 



with oil to sell or those that 4fe willing to go Into debt Xofinance 



water resources. Fearful of dependence on outsiders/ Cnina is hoping 
to fund hydro development with revenues from oji>ne government 
expects to find. 2Iaire, >vith the highest hydropoivn^rpotential of any 
nation In Africa* lacks both foreign exchange and a r^ord of political 
stability that would inspire a lender's confidence.^ 

One important result of the exploitation of Jarge hydro sites in remote 
regions will be better relations between nations that have not be^n on 
the best terms in the past. Since 200 of the world's rivers cross inter- 
national boundaries, tne success of a large hydro project often hinges 
on cooperation between neighbors. THk regions of the world where 
hydropower is most developed— North America and^urope— are those 
that have successfully devised political mechanisms for cooperative 
river development and conflict resolution. In North America, ^fot ex- 
ample, the Columbia and St. Lawrence rivers could not have been 
harnessed without the close cooperation of the U.S. and Canadian 
Governments. In Europe^ the development of the Rhine af\d the 




30 




Elanube was due to agreements between previously suspic&ous, often 
warring, nations.^* 

Unresolved conflict* over water rights remain one of the major bar- 
riers to the development of many ^promising large hydro sites, Lorig- 
simmering disputes between Ir^ia, Nepal ar^ Bangladesh over the 
waters from tne Himalayas frustrate efforts to 'harness one of the 
world's major energy resources. Although' Ir^ia has unilaterally de- 
cided to move ahead with several large projects on tributaries of the 
Gar^es^ neighboring countries must cooperate to develop the bulk of 
the power arxj to halt the ruirK)us soil erosion in Nepal that threatens 
to cut short the useful life of the reservoirs. In Canada, a long-stai>d- 
iiw dispute between Newfour^lar^ ar^ Quebec over power pricing at 
Cmirchill Falls has delayed construction of a 2.300-megawatt complex 
of dams on the Lower Churchill River And the hydr^dectric ana ir- 
ngatton potential of the Mekong River in Southeast' Asia remains 
untapped because of conflict between Laos. Thailand, Kampuchea, and 
Vietnam,** 

Beyond the cooperation that a successful project can faster, hydro- 
electric development can often blr^ former enemies together into a 
state of mutual dependence. Brazil and Argentina, long rivals for 
Latin American leadership, overcame years of hostility to develop 
the rich erwrgy resources of ^the Parana River/, which forms the 
boundary between the two countries. War between these neighbors 
would now be far more costly since a m^or part of the national 
wealth of each depends upon the continued operation of expensive 
daiYtS on the Pararia,*^ 

Once international antagonisms have been overcome and dams built, 
permanent bonds— and vulnerabilities— link the natior^ Involved. Al- 
though hydropower 'tan reduce a nation's dependence on imported 
.fuels/ large dams are also ea^y targets for attack durir^ time of war. 
With a %nificant part of national wealth invested in or dependent 
upon a major facility/ dam destruction could cripple a nation ror dec- 
ades, Ar^ the Immediate impact on civilians would be severe; just one 
hole in a wall can place extensive river valleys and major cities under 
water. Large dams are societal jugular veins in wartime— inviting tar- 
gets virtually impossible to protect from modern bomber or missile 
attack. 



The increased military vulnerability of nations heavily dependent on' 
huge dams is already affecting inter riational relations. Israels ability 
to destroy the Aswan— and with it much of Egypt's popubtion and 
economy— is cited by analysts as a key motivation for Egyptian will- 
ingness to negotiate a pNtace settlement, American technical advisers 
working with the Chines^mui the Three Gorges project have advised 
the construction of three smaller dams rather than one huge one for 
''national security -reasons' —presumably a reference to China's con- 
tinued fear of Soviet attack, 

The development of ^ydropower in remote areas of the world will 
aUo haye repercussions on tne international economic system by alter- 
ing the location of important energy-intensive industries. The* most 
dramatic shift is likely to occur in the alumint^n industry. Aluminum 
smelting requires'^prodigious amounts of electrical energy— on the 
average about eight kilowatt-hours for each pound of aluminum. Iii 
regions where hydropower is plentiful aluminum smelting is often 
the major user of electricity. In the U-S. Pacific Northwest, the na- 
tion's richest hydro region^ alumiruim production accounts for over 
one-third of tne hydroelectric power used. Aluminum smelters 
cluster around major dams on every continent.^ 

* . 
In the years ahead aluminum production will level off or even decline 
in the continental United States, Western Europe, and Japan as' new 
aluminum snielters migrate to the worU's peripheral jesions, where 
major new hydroelectric complexes offer pftntirUl kni cheap power^ 
Aluminum companies are building major msw pbnts in Brazil Egypt, 
Ghana, Tarltania^ and Sumatra to take advantage of newly tapped 
hydro sources. Ja|*einese smelters— made uneconomical by the OPEC 
oil-price revolution— are clcst^g down and relocating in Indonesia, 
Australia, and Papua New Gui|\ea. Similarly, power shifts to the 
periphery can be seen within nations: Soviet aluminum production 
is moving deeper into Siberia, following new dams.** 

The industrial nations' growing appetite forahmittium combined with 
the migration of smelters spells ir^reased depenaer^e between nations, 
and it coulid seriously afreet many countries' balance of payments 
and oil-import i:eduction goals. Xo meet fuel-economy standards the 
automobile industry i* increasingly substituting atuminum for heavier 
steel parts. Yet according to a 19dO U.S. Government study, meeting 
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the 1955 £uel-economy standards with imported aluminum will largely 
cancel out the balance-of*payments gains from a reduction in oil 
imports. As this becomes clear, national* »eajrity and balance- of -pay- 
ments arguments, will be added to the already strong environmental 
and conservation case for the recycling of aluminum products *^ 

New aluminum smelting sites coutd^have a, great impact on global 
employment if labor-intensive alumirujm processtr^ and flnlshinjg in- 
dustries follow the producers of raw aluminunf to major neW dams. 
Just as nation^ that produce and export oil have sought to lure petro- 
chemical and refinery activity to their countries, so, too. will primary 
aluminum producers try to entice related industries to the area. Al- 
ready Venezuela, taking a cue from its success in attracting ''down- 
stream" oil industries, is seeking to force aluminum producers using 
its cheap hydropower to locate tneir highly profitable aluminum pro- 
cessmg and fabricating facilities on Venezuelan soil Should other 
hydro-rich nations follow suit, industrial nations could suffer job 
losses. These could be offset, however, by gains in countries tnat 
vigorously pursue recycling, which tends to be much more labor-in- 
tensive than either aluminum smelting or processing.^ 
w 

As aluminum plants follow the new dams to remote regions, conflicts 
over the pricing of power are sure to emerge. The construction of 
dams in previously urtdeveloped areas sets m motion a process of 

Sneral economic development that eventually comes into conflict with 
e rweds of the large .energy consumers who made the ddtm. possible. 
Governments of developing nations soon begin to realize it is in 
their interest to divert their cheap power to more employment- 
intensive activities or to raise prices. 

Oflen low^riced power stimulates consumption to the point where 
shortages loom. Tne maturing economy oF the region is then con- 
fronted by a painful choicer either raise prices for the heavy Energy 
users, perhaps driving them elsewhere, or let smaller consumers alme 
bear the prombitive cost of building new coal or nuclear power plants 
to meet demand. Egypt' the U.S. Pacific Northwest, and Ghana are 
among the regions Facing this painful dilemma todav. As the price of 
electricity produced from oil, gas, aiKl nuclear cUmos, countries selF- 
ing hydroelectricity at bargain rates will be tempted to raise prices to 
the world average— often ten times the rate they now charge** ' ^ 
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The threat of 6uch leapfrogging rate* increases has not been lost on the 
handful of muttmational firms that today dominate the aluminum 
industry. Fearful of the kind of concession that set intQ mofion 
OPEC's tenfold oiNprice increase, the aluminum firms have rigorously 
resisted big price increases for hydropower Gharui's confuct witn 
Kaiser Aluminum Company over power prpdiicvdtQt the massive 
Akosombo Dam on Lake Votta exemplifies ^is erntrgirtg high-stakes 
conflict over the world's cheap hydro resources. Jn r967i Kaiser signed 
a 30'year contract with Ghana for power^^t a set' rate. Today* Kaiser 
buys its electricity there at one-twentieth MKe world average price, 
Gharui wants increased revenue to accek^ate falterii>g economic 
grcwthi while Kaiser fears thil too generous a contract renegotiation 
would trigger a worldwide cascade of price increases, wrecking profits 
and jduminum's competitive position. The outcome of pricing struggles 
tike these will affect the economics of hydrp regions as^welt as the 
^ pace of hydro development in peripheral regions everywhere,** 

Firuincial uncertainty and Political conflict are currently the largest 
impediments to further hydroelectric development in remote parts of 
the world. There are many sites for dams that wouki profit the com* 
panies tha4 build there^ the countries that host them, and the overall 
world erwrgy budget. If cooperative internationa^ water and funding 
agreements can be fashionedi a major expansion of hydroelectric pro-' 
duction at the peripheries of the world economy will followi creating 
new stresses aiKl new bonds in the inter ruitiorul areru, ' 



Making Better Use of Existir^ Dams 

Where the best sites already have dams or are protected from develop- 
menti such as in the^^United States^ Japan, and several European na- 
tionSi there is little chi^ce to exparvl hydroelectric capability by build- 
ing new dams. But ^ull^tantial often overlopkedi opporturutjes exist in 
these countries to increase the contribution of the,many dams already 
in pbce. For the iiidustcial workli the challenge for tne rest of this 
century will be to upgrade arKi rehabilitate^isting hy(lro|70wer com- 
plexes, ' * 

In regions where much of the hydroelectric potential has been tap^pe37 
public pressure to preserve remaining free-'flowing streams aiKl rivers 
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is blocking further dam construction. In North America. Europe,^ and, 
Australia, acrimonious conflict between environmentalists aruf power 
companies is comjmon. In North Carolina, for example^ citizen groups 
mounted a grass-roots lobbying effort to prevent the construction of 
a hydroelectric facility on North America's oldest river,, ironically 
named the New River Swedish popular opposition to new dam con* 
struction forced the government to abandon an ambitious hydroelec- 
tric expansion program. And Australian dam development plans were 
modified and some projects abaiKloned after environmentalists there 
focused public pressure on Parliament.** 

Although opposition from local environmental groups has stopped 
some pro)ects, dam construction continues, albeit at a slower pace than 
in the past. As oil prices continue to rise ^nd as the economic atti:ac* 
ttveness of hydropower grows, controversy over remaining untapped 
hydro sites is sure to increase. While much of the public opposition ^ 
to new dams reflects a desire to preserve white-water recreational op- 
portunities and is fueled by local citizen hostility to remote and seem- 
ingly unaccountable utility comparues. there are sound ecological> 
reasons for preserving representative river Systems in their n^ral 
state. Such rivers provide a baseline against which ecological change 
On other rivers can be measured as well as a sanctuary for the many 
threatened plant and animal species that thrive only in swift*movin^^ 
waters,** * 

The United States and Sweden have-bcen leaders^n preserving eco- 
iogically^nifteAnt ^ild rivers. Parts of 37 U.S. rivers— with ft^ com- 
bined potential ta generate 9.000 megawatts, the equivalent of nine 
large nuclear power plants^are protected from furtner development 
under the Wild ^nd Scenic Rivers Act, An additional 3,500 mega- 
watts of power potential on the lower' Colorado River is unavailable 
for use Decause of similar constraints, Sweden has permartervtly 
banned dams from four undeveloped rivers in its far north,*' 

Everi though potential dam sites will become more attractive in the 
years aheadi aam projects should be given closer sautiny by public 
officials and citizens than they have in the past. Since power sales 
aloiK can seldom justify a projects the often inflated claims of re*' 
creational ^nd flooa^ontrol benefits must be assessed carefully. Often 
the prime agricultural value of bottomland that must be flooded is 
ujKler estimated. In many cases, the expected benefits of a project, such 



as saving water and flood control, cc^ld be better achieved by reducing 
water waste and by discouraging construction in flood plains.** 

Instead of paying the environmental price ofl>uiIding additional dams, 
^ . industrial countries need to make better use of existing dams. The 
34 United States, and to a lesser degree Europe. Japan, and the Soviet 
Union, have many small dams (under five megawatts) that are now 
viable sources of power due to. rising oil prices France, a pacesetter 
in the area of small-scale hydroelectric developm^t has been so 
successful in pressing its dams into service that microhydro 
stations (less tnan two megawatts each) now generate 390 megawatt^ 
of electricity. 1 percent or the nations production. Japan has also 
aggressively harnessed its abundant water resources with numerous 
smalt dams. Recent studies indicate underdeveloped hilly regions in 
ECtrope. such as Wales, Scotland, Spain. Sweden, and Romania, have 
substantial untapped hydro potential at existing small dams.** 

^ The greatest opportunity in the industrial world to take advantage of 
smalldams is in the United States, as the supply of small- and medi- 
. um^sized dams ready for refurbishment there is so large. A comparU 
son of the power contribution of the Rhone in*France and the Ohio 
in the United States— rivers with similar power potential and many 
dams— illustrates the French lead. Twenty-one small dams on the 
Rhone produce 3.000 megawatts of power while the Ohio produces 
only 180 megawatts. LessHhan 3 percent of U*S. dams produce'elecy 
tticity. Estimated of the pbwer available at small dan\s vary from 
6^000 to 24.000 megiswatls/ Since present U.S. itydro output at alP 
^ ' dams is 64.000 megawatts, small dams are clearly an important sburce 
of untapped energy." 

Many small dams once produced power but were abandoned as cheap 
oil flooded the US and as the 40 years of useful tax concessions for 
initial dam construction came to a clAse. Since World War U almos^ 
3,0(A^dams have been abandoned^ mostly in the Northeast and Mid- 
west. , In the intervening years of neglect, equipment has been de- 
stroyed by vandals or sola for scrap. Often the dam structure itself 
has become dangerously weakened from lack of maintenance and 
would require costly repair and reconstruction.^' 

Fortunately, the legacy of abandonment is reversibJe^ but at high cost. 
In one of the few retailed studies of the economics of small-dam 
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Even if only marginally economical 
today> dam renovation should be 
aggressively pursued because 
h^roelectric facilities are an 
inflatfon* proof source of energy/' 



renovation^ the New EnglarKl River Basin Commission concluded that 
the area had L750 unused small dams that could produce LOOO 

, -megawatts if fully exploited. The commission estimated that if renova- 
tion were done with money borrowed.'at 7 percent ar^l if power were 
sold at 4.5c per kilowatt-hour., it would be economical to harness 50 
percent of the potential If government ir^entives reduced the interest 
rate to 3 percent and power were sold at 6.7t per kilowatt-hour, 80 
percent of the potenti^ could be developed. Even if only marginally 
.economical today,^ dam renovation should be aggressively pursued 

" because hydroelectric facihties. once built, are an inflation- proof 
source cjf erwrgy chat can last for centuries if well cared for.^^ 

In respoftse to .the growing jpublic interest in smalUdam restoration, 
the U.S., Government has taken a number of steps to encourage these 
investments. Low-interest loans are rw)w available and tax depreciation 
benefits have been increased. Recognizing that uncertainty about a 
projects economic viability and the relatively high cost of initfal 
engineering studies may impede development of small dams^ Congress 
has provided low-interest loans for feasibility studies and stipulated 
that these would become outright grants for projects that proved eco- 
nomically unfeasible up>on examination. Also, the regulatory burden 
on small-dam developers— who are often small farmers, small firms, or 



THe most wide-reaching U.S Government stimulus to small*d^m de- 
velopment is the "limited power ppoducer'' section of the Public Uti- 
lity Regulatory Policies Act of 1978. Private utilities are now required 
to buy power from small-power producers ar^l to pay them a rate 
equal to the utilities' ''incremental cost '— in most cases, what the 
utility would have to pay for new coaloF nuclear capacity. This is 
already having a revolutionary impact fl^^he ecoru)mics of small-scale 
renewable power technologies. For thf first time utility executives are 
being forced to compare the costs of such systems with those of 
larger centralized generating facilil^ies.^* 

These institutional initiatives have combined with higher oil prices 
to start a boom in small-dam redevelopment, faced with lagging de- 
mand aru} soaring costs for giant coal ar^l nuclear power plantsi some 
major utilities such as California Edison, New Er^gland'ElectriCi and 
the h(ew York Power Authority are eagerly turning to small dams. 
Utilities are finding these sites an attractive source of power because 
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Figure 2i Ap^licaHom for Federal Hydropower Licenses 
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electrkity^fcUm^nd is growing so slowly that tKe output of large ther 
mal units is n&t being fully used— forcing utilities to pay Tor idl* . 
plants The nuinber of applications for permits to produce power- 
a good measure of hydro development activity— has shot up dra 
matically tn the last five yeats7^ (See Figure 2.) 

Although public attention has recently focused on renovating small 
abar>doned dams, even more energy is available at medium and large 
dams-mostly owned by the federal government— that have never 
been used for that purpose. Rising power rates have made electricity 
-generation economical at many Tlood'control and irrigation dams, 
^^ain, estimates vary widely, but a conservative figuring shows some 
44.000 megawatts available. This en(^mous potential will remain un* 
tapped unless the federal government sees beyorKi its Present austere 
mood and makes an inflation- proof Investment In public dams. It is 
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particularly ironic that the U.S Government is rushing to build new,^ 
ecokgically disruptive dams when so much power remains to be har- 
nessed at existing ones ^* 

There is much the United States can learn from countries that have ^„ 
been more successful m developing small-hydro resources. While 3/ 
France— with one nationwide government-owned utility arid a strong 
centralized state— is not a realistic model Canada^has a "one-step" 
permit system that could be adapted to both preserve the procedural 
protections Americans insist upon and eliminate delay and duplica- 
tior^t Unless the federal goverrunent reclaims its traditional leadership 
role in water power developmerU^ this chance to expand U S. hydro- 
electric production wilt be lost." 

Opportunities to boost hydro's contribution to national energy bud- ^ 
gets also exist at. dams that already generate power The rising co6t 
of alternative fuels combined with improvements in turbine technology 
creates a ma|Or opportunity to upgrade the power-generating capabil- 
ity of dams. At the Grand Coulee Dam on toe Columbia River in the , 
United States, Nfor example, a new, more-efficient^enerator— previous- % 
ly uneconomical— was installed and the addition of two more 700- 
^egawatt generators is contemplated. Dam renovation and upgrading 
are also widespread in Europe. Switzerland/ for one^ could increase 
hydroelectric production by almost 20 percent by installing up-to-date 
turbines and generators on its dams, many of which are centuries 
old.'- 

T^e heightening of existing dams can also. increase power output. 
In California, tne giant 700-foot Lake Shasta Dam may be raised 
an extra 200 feet. The new height would also permit a threefold in- 
crease in the capacity of the reservoir, which already hoJ4s the equiva* 
lent ,of 10 percei^t of California's annual water use. A major barrier 
, to the economic feasibility of widespread dam elevatio^^ the cost of 
buying property along reservoir shorelines and relocating people who 
*have built there. ^ ^ j 

IiT regions where most of the favorable sites have been tapped and 
where thermal power pUnts are numerous, the value of hydropower- 
facilities can be increased by the addition of what is known as peak- 
ing and pumped storage capacity. Since demand for electricity is not 
constant throughout a day or a year, seasonal ^nd time-of-day peaks 
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of demand require powtr sources that can b« easily turned off or on. 
As the water stored behind a dam can be used at any time,, hydro- 
electric plants are id<fal sources of Peaking power. Converting a hydro- 
electric plant into a peaking facility requires the installation of ^d- 
ditional turbines, manyof which are unused much of the time. The ^ 
38 conversion of hydro plants to peaking uT\its paradoxically reduces 
total output while increasing greatly the value of the power pro- 
duced.** 

^ Pumped storage facilities further exploit hydro's flexibility by using 
off-peak power from*continousIy running coal and nuclear plants to 
, pump water uphill into storage reservoirs. At periods of peak demand 
the water is released to run back downhill through the turbines^, which 
recoup two- thirds of the energy used for pumping. Worldwide, some 
37.000 megawatts of th^se energy-storing facilities have. been built, 
mostly in the United States. Europe. Russia, and Japan. Converting 
hydroelectric plants to peaking and pumped stor^e units may dove- 
tail with the development of "other renewable energy ^systems that 
produce power intermittently, such as wind* photovoUaics, and solar- 
thermal electric*' , ^ ^ ' 

In nations With mature hydroelectric regimes^nly institutional inertia - 
stands in the way of a fuller use of hydropow^r. The USSR. European 
- nations, and espe^ally the Uruted States all have an opportunity to 
gain needed power by rehabilitating'^ small dams. The technology is 
rhatiye, the economics 'ftensll^e. The high price^of o3 creates an en- 
vironmenl where hydropow^ is the logical choice. The Europeans, 
with much of their hydropower harnessed, have led the way in show-^ 
ing the importance of small as well as large dam sites. Whether the 
rest of the industrial world has the good sense to follow remains to be 
seen^. 



NfW Directions 



In a world suffering from resource depletion, pollution* ar>d energy 
shortages.^hydropower offers many attractions. With a strong commit- 
to ment to development, hydro could contribute the majgr share of the 
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world's electricity suppl^y ^he beginruRg of the twenty-first century. 
Some countries, a few of tKem desperately Poor, could base their en- 
tire^ORomies or eRergy^roessed from falJir^ water. URfoFtGhately. 
the curreRt u ggaof watei; iR^tich and poor cotiRtries alike aRd 'the pro- 
posals for fulffiPPdevelopineRt do ROt take the bes^ advaRtage or the 
world's hydropower resources. New directieRs are Amed. 

To make maximum use of their exteRsive water resources; developing 
natiORs should foltbw the Chinese strategy of "watlciing or both legs'' 
by buildiRg small as well as large dams. The balaRce betweeR these 
two approaches is sorely lackiRg everywhere iR the Third World, The 
receRt small-scale hydro iRttiatives tR a handful of couRtries provide 
reasoR to hope that they caR follow ChiRa's success iR mobilizing vil- 
lage-level actiOR aRd ir makirig governmeRt resources available to 
local groups. Yet maRy^ders iR the Third WorU* igROriRg the eco- 
logical ana social cORsequeRces of large dam projects^ nave succumbed 
to the temptatioR of prestigious graRd7dams that Reglect the most 
basic Reeds of the great majority of theif people. Takir^ advaRtage of 
the opporttiRities for small dams will I'^quire leaders ^ble to iRspire 
local iRitiative and willtRg to allow local groups coptrH of develop* 
meRt resources. 

This tendeRCy to focus exclusively or large dams is too ofteR reiR- 
forced by iRterRational lending arul ^aid ageRcies whose cost-beRefit 
formulas, doR t sbow the iRtaRgibl^osts of big projects and the ir- 
tajwible beRefits of small ORes. TiFieir riarrow focus or the dollars 
aRa ceRts of a project ofteK leads to serious distortiORs 4r couRtries 
where most people are orIv margiRally iRVolved iR the money econ- 
omy, ForeigR funds for politically visible showcase projects that gen-, 
erate cheap power for ntulti Rational corporatiORs help tne d^^ROr more 
.thaR the recipiem. If people iR the Third World are to beRefit fully^ 
from the large dams cORstructed at! high humaR cost the power from 
these dams must serve^eir owr .natiORal developmeRt goals rather 
thiR thedictates of large powA cOR^mers from other couRtries, 

^ - f 
CiveR the ecological^ social and wuity cORcerRs about Urge dams/ 
f>laRners must be able to allocate ^runas for exteRstve reforestatiOR> 
erosioR cORtrol, snail eradicatiOR. Jarvl resettJemeRt efforts, UrIcss a 
broad^view of water developmeRt is takeR> the jbenefits of hydroelec- 
tric projects will com^ at the expense of the eRvironment and of the 



poorer groups in developing societies. If endangered species and 
aboriginal tribes are ni^lected simply because they lack power and ^ 
readily evld^t monetary value, energy development will be offset by^^ 
^ loss of long-term genetic and cultural diversity^ 

40 For many developing countries, most prominently China, the problem 
' Is less one of distortions in the direction of development caused by 
outside forces that It is an Inability to attract the enormous sums of 
capital to build Urge dams. Brazil's technocrats have driven the coun-^ 
try heavily Into debt to make Impressive strides in large*dam con- 
struction, while neglecting the needs of the rural poor. China, eschew- 
ing entry into the world economy, chose instead to focus on small- 
scale projects that better addressed the real needs of its immense rural 
^ population. If the search for oil in Chin^ pans Out and provides the 
capital the government can build more^arge dams and become the 
first developing nation to have a balanced hy^ropower program. Sadly>, 
countries with major hydro potential that are perceived by interna- 
tional bankers as unstable, such as 2^re. or rhat have uncertain 
claims on their water resources/such as the nations of Indochinai will 

eobably continue to suffer from a shortage of foreign capital. It will 
especially important for such A»v^rnments to pursue small-scale 
j>rojects that can take advantagie of local resources.*^ 

New directions are needed in the Industrial nations as well. Water 
development agencies^ such as the U.S. Army Corps of Engineers^ 
^ seem bent on buildir\^ new dams, nuny of them economic and eco- 
logical wl^te elephants. They cnuld better use their resources harness- 
ing the power available at listing little-used or abandoned dams, 
many of which are owned by the government and run by the very 
agencies so eager to flood more land. Opportunities for Iarge<3cate 
hydroelectric f aciliti^ in remote areas like Alaska, northern Canada, 
and Siberia should not be neglected hy political leaders just because 
the payoffs are long-term and budgets are tight. As Quebec has 
shown, the visionary hydro project of one ^ra can becomejthe 
economic foundation of the next. . > 

Even more important than the creation of power at old or new dams is 
the better J^se of cheap power from existing structures. The hydro- 
electric Institutions in ioaustriat countries were set up to solve prob- 
lems that#re today largely solved and that should be of low priority. 
The discrepancy between current needs ^and policies is especially pro- 
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nounced m the world's two hvdro production leaders. In the Uni^ 
States, the direction of the federal hydropower program has not 
altered greatly since Roosevelt's New Deal made d^m construction, 
regionaldevefopment, and rural electrification a rational priority. Lit- 
tle has changed since the Tennessee Valley Authority was created, 
the harnessing of the Cdumbia and Colorado rivers l^gam -and the 
Federal Power Act was ftwritten to guarantee public jCtili ties access 
to dam sites and to the cheap power produced at federj dams. Similar 
goals and institutions guided Soviet Kydro development. These initia- 
tives were spectacubrly successful in spurring regional economic 
ftfowth and bringing cheap electricity to rural areas. Their very success 
has drawn attention away from the question that dominated political 
debates on energy durtr^ the^ thirties: who should have access to 
cheap hydroelectric power? Chartging events and new opportunities 
brir^ this key question back to the top of the er^rgy policy 
^erCda., 

In both the United States and the Soviet Union, the pricing ^and al- 
location of hydrodectric power has been largely unaffected by the re* 
volution that swept the world er^rgy market in the seventies. Among 
energy sources in widespread use at the time of the oil shock, the price 
of hydroelectric^ power stands alone in nOt rl|ing rapidly^ Between 
1970 and IPZS'^tne price of coal quadrupled, the price of uranium' 
ini;rea9ed eightfold, and the priceVof oil rose tenfold. Owners of re- 
serves in all three fuels quickly reaped a massive, still accruing^ wind- 
fall as prices followed OPEC oil to dizzying new heights. Only the 
owners of hydroelectric faciUtie^the government-missed out on tKe 
profits. W Kile the prices of oil coab and uranium were set by the 
price of imported oil hydropower's cost continued to reflect the cost 
of production— the sum of dam operating costs and the interest on 
money borrowed long ago. neither of which rise much.** 

This Bargain-basement pricirig of hydroelectricity at a time of rising 
energy costs sent the wrong sigr^l to the consumer^ encouragir^ waste 
and aeatin^ a voracious demand for electricity when conservation^ 
not production/ is the best energy investment Underpridng and over- 
demand are already causing seriouiuproblems for the Bonneville Power 
Authority, the government agency nut sells hydroelectric power from 
the Columbia River in the Pacific Northwest. With electridty prices 
onC'eighth ihose in oil- and nuclear-dependent New Yffk City, peo^ 
pte in Washington and Oregon iise five times as much electricity 



p«r capita 'as New Yorkers do. Nuclear pjants under construction to 
meet tne region s burgeoning electricity demand have already exceeded 
their budgets by more than the cost of all the federal dams on the 
Columbia River.** 

With prices so lowi the aluminum industryi, a heavy power-user: has 
n^teentive to become more efficient; fven though such investments 
coulo^ve more pojv^r, at lower cost, than investments in new power 
could i^oduce. Were the hydropower from federal dams sold at its 
true^ value,^ people would conserve or use wood or solar collectors, 
utilities wouV not have to buik) expensive nuclear plants, and the 
government would havfT enough money to help finance development 
of renewable energy resources. 

In the Soviet Unioa setond.only to the United States in hydropower 
production problems of over consumption, waste, and future shorties 
exacerbated <^ irrational energy pricing are particurarly pressing. Ac- 
customed to'^arftain-rate power from hydro plants and to under- 
priced fossil fuels, Soviet industry is even less efficient than its In- 
efficient Western counterpart. The government's recent five-year 
plan assigns top priority to the elimination of waste^a goal ur^Ucely 
to be met unless the country's managers face more realistic prices for 
fuel and electricity. Although waste of natural resources is ideological- 
ly rooted m the Soviet system's rejection of resource severance taxes 
and of ftmrgjnal pricing'of resources, c9^sumer resistance to a more 
realistic pricing system should be less of a problem in the centralized 
Soviet eco^my than in the United States.** 

The price or ^hydroelectric resources needs to reflect fhe fact that ttrf^ 
work] has entered a new ener^ era. Now that rural electrification and 
region^ development have been accomplished, access to cheap, gov- 
ernment power should ^ linked to other more pressing goals. Power 
sold at the marginal price of electricity (several times current rates) 
would generate funds for the conversion to a sustainable energy sys* 
tem and encq^r^ge consumer conservation. Or alternatively! customers 
unablf to affo^tQugher rates could be required to take the lead in en* 
couraling conservation and developing renewable energy sources; con* 
tinued access by ttie^aluminum industry to under priced power should 
be linked to stringertt conservation and recycling goals. Tne added rev- 
enues from government power sales could finance additiojial J^ydro 
development and consumer loans for ^olar and conservation^easures. 



Directed in a socially constructive manrwr^ cheap hydroelectiic power 
from existing dams can s^rve as the bridge to a sustainable energy 
economy.** ^ 

Although such, policies would be a drastic departure from current 
practice, they will not require the creation of any major rww insti^- 
tione, especially in the United States. The now rather moribund a»d 
directionless bodies 'created in the thirties to electrify rural America 
and to spearhead regiorul development are perfectly suited to redirect 
energy development throughout the country. The Tennessee Valley 
Authority has taken some rirst, small Steps in this direction by pro- 
viding loans for wood stoves^ home insulation, and solar collectors. 
And rural electric cooperatives, with their long tradition of self-help 
and community control are perfect vehicles for rerwwable energy 
efforts.*^ ^ 

If the United States were to develop its rich hydro p6tential jn Alaska 
at the same time higher power rates were imposed in more settled 
regions now hooked on cneap power, reglorul development in both 
the Pacific Northwest and Alaska would be advanced. Jobs would be 
created in Alaska, where they are needed, and the Pacific Northwest 
could avoid building extremely expensive fossil and nuclear plants. By 
developing hydropower in a periplieral region white revtsir^ the price 
system in the mature economy of another area, the United States 
could avoid increased. dependence on foreign aluminum smehers. 

The establishment of a realistic hydroelectric pricir\g schema in Jn- 
dustrial nations could transform the prospects tor hydro developmint 
in poorer .parts of the world, making aluminum production in remote 
regions more attractive to alumirujm companies and herure to lenders. 
As the migrating alumirujm industry opens up ever more remote hy- 
dropower regions, the price of akimirujm could gradually rise to re- 
flect irurreatsingly difficult terrainr which would in turn stimubte alum- 
inum recycling. Eventually a smaller aluminum industry, located in 
the most remote regionSr would rc^ch equilibrium. In the wake of 
its wjanderings would be many regions flourishing ori a sustainable 
hydrop^er economy. 

Increased use of the pbnet's water power resources holds substantial 
political benefits for tne community of nations. By transforming many 
poor countries into productive contributors to the global economy. 



hydropoWer can help reduce the great disparities in wealth that un- 
derlie today's international tensions. A world with hundreds of thou- 
sands of small dams will be more decentralized, which will encourage 
greater local self-sufficiency and provide a welcome balance to in- 
creasingly unmanageable and oyfrcentralized power systems. By^link- 
ing the w^U-being of neighboring countries' hydropower develop- 
ment on international waters could help reduce regional conflict and 
hostility To reap these political benefits a renewed commitment to 
hydropower is required at every institutionaklevel: communities, na- 
tiofi-states. international banks, and multinational corporations. 

Hydro development will have substantial long-term impacts on the 
global environment as well as the world ^penomy. In developing na- 
tions, the need to protect expensive dams from ruinous sediment 
buildup will force urban elites and industrial leaders to take more 
seriously the soil erosion and deforestation caused by the firewocxi 
crisis or the rural poor. For the industrial world, judicious use and 
selective expansion of hydro plants will reduce the need to build 
more environmentally threatening coal and nuclear plants. ' y 

A concerted effort to develop the earth's hydropower resources will 
thus open the path to a sustainable energy supply, advance the de- 
velopment prospects of the poorer nations, ana provide a nonpollut- 
ing source of energy desperately needed as the curtain falls on the 
petroleuih era. Perhaps most importantly, hydropower gives to 
rather than takes from the future. Every barrel of oil burned is one 
less for the next generation, but every new hydro plant adds to the 
energy supply of future generations. The barriers to expanded hy- 
^ droelectric developmenl are international c<ipflict, unequal access to 
the world's financial resources, and misdirected government agencies. 
Beyond them, in both rich and poor nations, lie ripvers of energy. 
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